Stroke is the most common cause of disability worldwide. C-peptide is co-secreted with insulin from beta cells of the pancreas, thus providing a better index of endogenous insulin production and pancreatic beta cell function. The objective of the current study was to explore serum C-peptide and carotid intimamedia thickness in patients with ischemic stroke (IS) and to assess the association of serum C-peptide with vascular and metabolic risks.
Background
Stroke is the most common cause of disability worldwide. C-peptide is co-secreted with insulin from beta cells of the pancreas, thus providing a better index of endogenous insulin production and pancreatic beta cell function. The objective of the current study was to explore serum C-peptide and carotid intimamedia thickness in patients with ischemic stroke (IS) and to assess the association of serum C-peptide with vascular and metabolic risks.
Patients and methods
The case-control study included 50 healthy control and 150 patients with IS who were stratified into three subgroups according to their fasting plasma glucose, normal glucose tolerance (NGT), impaired glucose tolerance (IGT), and type 2 diabetes mellitus (T2DM). All the participants were subjected to B-mode ultrasonography of both common carotid arteries to measure carotid intimamedia thickness (mm). Serum C peptide concentration was measured by enzyme-linked immunosorbent assay. Results Serum C peptide levels were higher in IS patients compared with control. Among the IS patients, C peptide was higher in T2DM compared with IGT and NGT and is associated with vascular and metabolic risks, after adjusting for the traditional risk factors. C-peptide was a statistically significance predictor of T2DM among IS patients by the logistic regression analysis test. In addition, homeostasis model assessment of insulin resistance (HOMA-IR), fasting plasma glucose, BMI, and fat mass index (FMI)% were independently correlated with C-peptide by. The diagnostic value of C-peptide by receiver operating characteristic curves was highly significant; the sensitivities and the specificities were 96 and 98%. Conclusion Serum peptide levels were higher in IS patients compared with the control. AmongIntroduction Emerging evidence demonstrated that stroke remains the third leading cause of death after heart diseases and malignancies and the most frequent cause of disability worldwide [1] . A growing body of evidence has corroborated that ischemic stroke (IS) is the most preventable disease. Interestingly, 90% of IS risk factors are treatable, in particular, hypertension, type 2 diabetes mellitus (T2DM), cardiac diseases, cigarette smoking, obesity, hyperlipidemia, physical inactivity, psychosocial stress, and depression [2] .
Diabetes is one of the growing health problems worldwide. Even more importantly, there are currently 34 million patients with diabetes in the Middle East and North Africa [3] . Egypt was ranked eighth worldwide for the number of people with T2DM and this number is expected to reach 7.8 million in 2025 [4] .
T2DM is a risk factor for atherosclerosis which is responsible for coronary heart disease, peripheral arterial disease, and cerebrovascular disease [5] . Atherosclerosis is an important pathologic cause of cardiovascular (CV) and cerebrovascular diseases. Additionally, CV and cerebrovascular diseases are the leading causes of mortality in humans and can
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. have significant impacts on morbidity. Atherosclerosis starts with a preclinical increase in the thickness of the internal and medial membrane of the arterial wall, which has been related to higher coronary heart disease and stroke rates [6] . Noteworthy, there are few studies about the correlations between serum C peptide and carotid intimamedia thickness (CIMT). The role of insulin resistance as a predictor of CV risk has been well documented. Numerous reports have described that serum insulin measurement gives a wrong value of insulin secretion because insulin after its secretion into the portal vein passes through the liver where ∼50% of the delivered insulin is extracted. The measurement of C-peptide thus provides a better index of endogenous insulin production and pancreatic beta cell function than insulin measurements [7] .
Omics studies have indeed demonstrated that C peptide is a single peptide chain of 31 amino acids with a molecular weight of 30 200 g/mol [8] . The objective of the current study was to explore serum C-peptide and CIMT in patients with ischemic CVS and to assess the association of serum C-peptide with vascular and metabolic risks.
A cross-sectional study included 150 unrelated patients with IS recruited from the Internal Medicine and Neurology Departments, Zagazig University Hospitals. The patients were stratified into three subgroups according to their fasting plasma glucose (FPG) based on the American Diabetes Association Criteria, reported in 2017: those with normal glucose tolerance (NGT; 30 patients), those with impaired glucose tolerance (IGT; 31 patients), and 39 patients with type 2 diabetes in addition to 50 healthy controls. All participants were matched, as regards age, gender, and ethnic origin.
The patients were chosen with the following inclusion and exclusion criteria. The inclusion criteria were focal or global neurological deficit lasting greater than 24 h on initial neurological evaluation. Computed tomography (CT) scan of the brain showed evidence of cerebral ischemia. However, the exclusion criteria were nonischemic etiology such as hemorrhagic stroke (patients with intracerebral hemorrhage and subarachnoid hemorrhage) and patients who had received drugs known to affect the level of C peptide. Patients with a history of respiratory disease, cancer, severe hepatic, renal diseases, acute illness, hormonal therapy, any active inflammatory diseases, alcoholism, carotid artery surgery, and chronic heart failure were excluded from the study.
All patients in the study were subjected to the following: thorough history taking and full clinical assessment including general and neurological examination. Stroke severity within 72 h of onset of symptoms was assessed using the National Institute of Health Stroke Scale [12] . CT scan of the brain was performed for each patient to exclude intracranial hemorrhage and to diagnose cerebral infarction including its site and size. If CT scan was negative, it was repeated after 72 h. The size of the lesion was calculated according to the formula 0.5×A×B×C [where A and B are the largest perpendicular diameters measured on CT and C is the slice thickness (10 mm)] [9] .
All scans were performed on a Siemens Somatom Balance scanner (Siemens Company, Berlin, Germany). The ethics committee of the Faculty of Medicine, Zagazig University, approved our study protocol, and all participants signed a written informed consent.
Blood sampling
Blood samples were drawn from all participants after an overnight fast and were divided into two portions: 1 ml of whole blood was collected into evacuated tubes containing EDTA, for HbA1c and1 ml of whole blood was collected into evacuated tubes containing potassium oxalate and sodium fluoride (2 : 1) for FPG. Sera were separated immediately from the remaining part of the sample and stored at −20°C until analysis. We measured FPG using the glucose oxidase method (Spinreact, Girona, Spain). Total cholesterol, high-density lipoprotein (HDL) cholesterol, and triglycerides were measured by routine enzymatic methods (Spinreact). Low-density lipoprotein (LDL) cholesterol was calculated using the Friedewald formula [10] . Fasting serum insulin (FSI) levels were estimated by an enzyme-linked immunosorbent assay kits (Ray Bio, Norcross, Georgia, USA). Insulin resistance was assessed using the homeostasis model assessment method, homeostasis model assessment of insulin resistance (HOMA-IR), and was calculated as FSI (μU/ml)×FBG (mg/dl)/405 and В-cell function (HOMA-B) was calculated. C peptide concentration was measured in serum by enzyme-linked immunosorbent assay kit according to the kit instructions (Wkea Med Supplies, Changchun, Jilin, China).
Dual-energy X-ray absorptiometry
The accurate and precise values of the body composition parameters were estimated from the DXA scan of the total body, which included fat mass (FM), fat-free mass (FFM); additionally, the FM index (FMI; FM/height 2 ) and the FFM index (FFMI/ height 2 ) were calculated.
Carotid ultrasonography
Ultrasonography of the carotid arteries was done in the Radiodiagnosis Department of Zagazig University Hospitals to elective patients. Carotid artery atherosclerosis was determined by one examiner for all patients across all six sites, using high-resolution B-mode ultrasound (M-Turbo; SonoSite, Washington, Bothell, USA), according to the protocol [9] . A transverse scan was followed by a longitudinal circumferential scan at 12 welldefined segments, the near and the far walls of the right and left common carotid, bulb, and internal carotid arteries from three imaging angles: anterior, lateral, and posterior. CIMT was measured at the far walls of the distal 1 cm of each common carotid artery at three imaging angles, and the mean and maximum CIMT values were measured by the leading edge-to-edge method. The mean maximum value of CIMT in each study participant (described as mean CIMT) was calculated based on the average of maximum CIMT values within the 12 arterial wall segments [10] .
Statistical analysis
Statistical analyses were performed using the statistical package for the social sciences for Windows (version 19; SPSS Inc., Chicago, Illinois, USA). Data were expressed using the descriptive statistic (mean±SD) and were analyzed statistically by paired t-test or analysis of variance test. Pearson's correlation coefficient was used to assess the association between serum Cpeptide, CIMT, clinical, biochemical tests, and other studied metabolic parameters in the elderly. Receiver operating characteristic (ROC) analysis was performed to assess the potential accuracy of serum C-peptide, the area under the curve (AUC), and the cutoff values for the diagnosis of T2DM among the elderly. A linear regression analysis was done to detect the main predictors of serum C-peptide values in the IS group. Logistic regression analysis was performed to determine the predictor marker associated with T2DM among the elderly patients. We considered P to be significant at less than 0.05 with a 95% confidence interval (CI).
Results

Clinical and biochemical characteristics of the studied groups
There were significantly higher values of systolic and diastolic blood pressure in the IS group compared with the control group. In addition, the values of BMI, waist circumference, waist/hip ratio, FMI%, FFMI%, FPG, postprandial blood glucose, FSI, HOMA-IR, HbA1c, LDL, TG, and CIMT were significantly higher in the IS group compared with the control group. On the other hand, patients with IS had significantly lower values of HOMA-β and HDL (P >0.05) (Table 1) .
Clinical, anthropometric, and laboratory parameters in the IS group as shown in Table 2 The T2DM group had significantly higher values of systolic blood pressure, diastolic blood pressure, BMI, waist circumference, waist/hip ratio, FMI%, FFMI%, FPG, postprandial blood glucose, FSI, HOMA-IR, HbA1c, TG, and CIMT than the NGT group (P<0.05*). On the other hand, there were significantly lower values of HOMA-β. Regarding IGT, there were significantly higher values of BMI, waist circumference, FMI%, FFMI%, diastolic blood There was a positive correlation between C-peptide and systolic blood pressure, diastolic blood pressure, BMI, waist circumference, waist/hip ratio, FMI%, FFMI%, FPG, postprandial blood glucose, FSI, HbA1c, LDL, TG, as well as HOMA-IR. Also, there was a positive correlation between CIMT and systolic blood pressure, diastolic blood pressure, BMI, waist circumference, waist/hip ratio, FMI%, FFMI%, FPG, postprandial blood glucose, FSI, HbA1c, TG, as well as HOMA-IR (P<0.001*),while there were significant negative correlations between C-peptide and CIMT with HDL and HOMA-β (P<0.001*) ( Table 3) .
Comparison of serum C-peptide (ng/ml) in the studied groups
Patients with IS had significantly higher values of serum C-peptide compared with the control group (P<0.001*) (Fig. 1) . In addition, the T2DM group had significantly higher values of serum C-peptide compared with IGT and NGT (P<0.001*) (Fig. 2 ).
Pearson's correlation between serum C-peptide and CIMT
There was a positive correlation between serum Cpeptide and CIMT in the studied groups (r=0.625, P<0.001). These data are represented in Fig. 3 .
Linear regression analyses in IS patients
Linear regression analysis test was done to assess the main independent parameters associated with serum C-peptide. Our results showed that HOMA-IR, FPG, BMI, and FMI% were independently correlated with C-peptide (Table 4) .
Logistic regression analysis evaluating the association of CIMT (mm) and serum C-peptide (ng/ml) with T2DM among patients with IS
After adjusting for the traditional risk factors, logistic regression analysis test was done to evaluate the predictor of T2DM among the IS patients. Cpeptide was a statistically significant predictor of T2DM among the IS patients (P<0.05) ( Table 5 ).
The accuracy of serum C-peptide in discriminating IGT from NGT by ROC analysis
We further investigated the potential diagnostic value of serum C-peptide by the ROC curves presented in Fig. 4 . In IS, when we discriminate IGT from NGT, the cutoff value was 3.71 and the AUC were 0.939 (95% CI=0.903-0.975). Additionally, the sensitivities and the specificities were 96 and 97.7%. Thus, serum C-peptide could be a useful diagnostic test to discriminate IGT from NGT. Comparison of serum C-peptide (ng/ml) in the studied groups.
Figure 2
Comparison of serum C-peptide (ng/ml) in ischemic stroke groups.
Figure 3
Correlation between carotid intimamedia thickness (mm) and serum C peptide in the studied groups.
The accuracy of serum C-peptide for discriminating T2DM from IGT by ROC analysis
We further investigated the potential diagnostic value of serum C-peptide by ROC curves as presented in Fig. 4 . In IS, when we discriminate IGT from NGT, the cutoff value was 3.73 and the AUC was 0.902 (95% CI=0.884-0.996). Additionally, the sensitivities and the specificities were 96 and 98%. Thus, serum Cpeptide could be a useful diagnostic test to discriminate T2DM from IGT (Fig. 5) .
Discussion
There was great evidence that the higher incidence of DM and its complications represent a major burden to public health. Therefore, there is a great interest in identifying asymptomatic individuals at risk who would be candidates for more intensive and evidence-based medical interventions [11] . Receiver operating characteristic curve: for serum C-peptide for discriminating impaired glucose tolerance from normal glucose tolerance.
Figure 5
Receiver operating characteristic curve: for serum C-peptide for discriminating type 2 diabetes mellitus from impaired glucose tolerance.
Carotid intima-media thickness (CIMT) measured by an ultrasound is a noninvasive, safe, low-cost, reproducible, and well-validated marker of preclinical atherosclerosis [12] [13] [14] . Interestingly, recent studies have suggested that increased CIMT is independently linked to CV risks [13] [14] [15] . Thus CIMT could be used as a diagnostic marker of risk for CV events [16] .
Mounting evidence indicates that the role of insulin resistance as CV risk has been well documented. In fact, it is indeed for an accurate test to assess the insulin levels. Thus, the objective of the current study was to explore serum C-peptide and CIMT in patients with ischemic CVS and to assess the association of serum Cpeptide with vascular and metabolic risks.
As expected our results have shown that there were significantly higher values of obesity indices, metabolic, and vascular risks in the IS group compared with the control. Even more importantly, serum C-peptide levels were significantly higher in the IS group compared with the control.
Concordance with our findings, Li and colleagues observed that serum C-peptide level was strongly associated with stroke in nondiabetic participants and is significantly associated with obesity indices [17] .
Similar to our findings, Hirai and his colleagues detected that serum C-peptide levels were associated with increased all-cause mortality. Regarding women, serum C-peptide levels were associated with ischemic heart disease mortality. However, as regards men, serum C-peptide levels were associated with stroke mortality [18] .
The results presented herein are innovative as this study performs a robust evaluation of serum Cpeptide and CIMT as diagnostic markers of preclinical atherosclerosis. Noteworthy, our results confirmed that serum C-peptide and CIMT were significantly higher in T2DM compared with the NGT group. Interestingly, they were positively correlated with other vascular and metabolic risks.
Similar to our findings, Marx and colleagues observed that among patients with T2DM, the C-peptide level has been reported to be significantly correlated with CIMT [19] .
Recently published studies have highlighted the reason for the increased risk of death among people with high C-peptide levels as they detected the involvement of Cpeptide in atherogenesis [20] .The interesting finding of experimental studies which were conducted to assess the atherogenic role of C-peptide found that C peptide colocalizes with intimal monocytes, macrophages, and CD4-positive lymphocytes and that, in vitro, the Cpeptide induces monocyte and T-cell chemotaxis [21] .
Notably, it was shown that C-peptide activated the proliferation of vascular smooth muscle cells through the activation of Src kinase, phosphoinositide 3-kinase, and extracellular signal-regulated protein kinases 1 and 2 [22] .
We in this study attempted to pierce out the independent correlation with C-peptide. Our results showed that HOMA-IR, FPG, BMI, and FMI% were independently correlated with C-peptide by linear regression analysis test.
Evidence also suggests that elevated C-peptide levels have been associated with atherogenic risk factors, including increased levels of triglycerides and high blood pressure [23] .
Meanwhile, according to Kim et al. [24] , there was a strong correlation between C peptide and triglyceride level, HDL, leptin levels, and BMI.
The results of the current study have shown after adjusted for the traditional risk factors that C-peptide was a statistically significant predictor of T2DM among IS patients by logistic regression analysis test.
Similar results have been confirmed by Wang and colleagues and they observed that C-peptide is correlated with clinical coronary artery disease independent of the traditional CV risk factors, such as age, hypertension, smoking status, dyslipidemia, glycemic control, and insulin resistance, in T2DM patients [25] .
However, the growing evidence show that C peptide levels are associated with atherogenic risk factors in both diabetic and nondiabetic patients. The finding of the current study show that the potential diagnostic value of serum C-peptide by ROC curves was highly significant; the sensitivities and the specificities were 96 and 98%. Thus, serum C-peptide could be a useful diagnostic test discriminating T2DM from IGT.
Conclusion
The results of the current study found higher levels of C peptide in IS patients compared with control. Even more importantly, among the IS patients, serum C peptide was higher in T2DM compared with IGT and NGT and was associated with vascular and metabolic risks.
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